HEAD SLIDER WITH PRECISE POSITIONING ACTUATOR AND 
P4ANUFACTURING MEHMD OF THE HEAD SLIDER 

FIELD OF THE INVENTION 

The present Invention relates to a head slider with a pacecise 
positioning actxiator for a bead element stidh as a thin-film magnetic 
head element or an optical head element, and to a manufacturing 
method of the head slider. 

DESCRIPTION OF THE RELATED ART 

In a magnetic disk drive apparatus, thin-film magnetic head 
elements for writing magnetic information into and/or reading 
magnetic information from magnetic disks are in general formed on 
magnetic head sUxaers flying in operation above the rotating 
magnetic disiks. Tlie sliders are svjjjported at top end sections of 
suspensions of HG3\s, respectively. 

Recently, recording and reproducing density along the radial 
directlxjn or along the track width direction in the magnetic disk 
(track density) rapidly increase to satisfy the requorement for ever 
increasing data storage capacities and densities in today's magnetic 
disk drive ^jparatias. For advancing the track density, the position 
control of the magnetic head element with respect to the track in 
the magnetic disk by a voice coil motor (VCM) only has never 
presented enou^ accuracy. 

In order to solve this problem, an additional actuator 



mechanism is mounted at a position nearer to the magnetic head 
slider than the VCM so as to perform fine precise positioning that 
cannot be realized by the VCM only. The techniques for realizing 
precise positioning of the magnetic head are described in for 
example U.S. Patent No. 5,745,319 and Japanese patent publication No. 
08180623 A. 

As for a precise positioning actuator, there are various 
structures of actuator sucJi as for example a load-beam structure 
^ actioator and a piggy-back structure actuator. 

H 

The load-beam structure actuator has two piezoelectric 
elements of PZT attached on a load beam of a suspension. Ihese PZT 
y elonents are driven in a manner to siipport with each other to 

m 

g displace the load beam so as to perform fine precise positioning of 

Q 

\l a magnetic head slider mounted on. the load beam. 

D 

nl piggy-back structure actuator is formed by piezoelectric 

C3 

fy material of PZT in an I-character shape with one end section to be 

fixed to a suspension, the other end section to be fixed to a 
magnetic head slixier and a pillar sh^jed movable arm connected 
between these end sections. The PZT is driven to perform fine 
precise positioning of the magnetic head slider directly attacihed to 
this actuator. 

However, since the aforementioned conventional precise 
positioning actuator is designed to displace the Mihole of the 
suspension or the v*iole of the magnetic head slider, a mass of the 
displaced part is heavy. Thus, such actuators had following various 
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problans: 

(1) A material to be lased fear the actuator is limited because it 
is necessary to provide a very large displacement; 

(2) A high drive voltage required to aj^ly to the actuator in 
order to achieve a large displacement can have a detrimental effect 
an electromagnetic conversion characteristics of the magnetic head 
elanait; 

(3) Flexibility in designing an actuator shape is quite low 
because a material and a structure of the actiaator are limited and 
thus a driver structure of the actuator and driven directions are 
determined; and 

(4) A vibration characteristics of a suspension is bad because a 
mechanical resonance occurs at a relatively low frequency. 

Also, since the conventl<xial precise positioning actuator is 
designed to displace the vAiole of the magnetic head slider so as to 
perform fine precise positioning of a magnetic head element, the 
attitude of an air bearing surface (ABS) of the macpietic head slider 
may change when the magnetic head element is disfplaoed by the 
actuator causing a flying characteristics of the slider to 
deteriorate. 

Yukihiro UEMATSU, "Magnetic Disk Drive i^)paratus and Piggy- 
Back Actuator", ElectrcMiics, pp. 46-48, Septeiiber 1998 discloses a 
magnetic head slider structure with a micro-actuator eribedded in the 
slider in order to reduce a mass of the displacing section of the 
actuator. 



When fabricating magnetic head sliders with such micro- 
actuators, however, it is reguiced to integrate micro-actuator 
structures concurrently with the Integration of magnetic head 
elements. Thus, it is very difficult to adopt this structure 
because the current manufacturing process of the magnetic head 
elements has to change radically. Furthermore, since a stroke of 
such micro-actuator is very small, such magnetic head slider is 
quite impractical. 

OF TEIE INVENTION 

It is therefore an object of the present invKition to provide 
a head slider with a precise positioning actuator and a 
manufacturing method of the head slider, vdiereby a mass of a 
di£fplacing section of the actuator can be reduced without changing a 
manuEacturlng process of a head element. 

Another object of the present invention is to provide a head 
slider with a precise positioning actuator and a manufacturing 
method of the head slider, v^iereby a sufficient stroke can be 
obtained without changing a manufacturing process of a head element. 

According to the present invention, a head slider with a 
precise positioning actuator includes a thin plane sh^)ed head 
sectiOTi provided with a first surface that is substantially 
perpendicular to an ABS of the head slider, a second surface 
opposite to the first surface and at least one head element formed 
on the first surface, and an actuator section located at a side of 



the second surface of the head section and integrally f i»ed to the 
head section, for precisely positioning the at least one head 
element. 

The head section is formed in a thin plane shape and has a 
head element on a first surface that is substantially perpendicular 
to an ABS of the head slider, and an actuator section is integrally 
fixed to thus formed head section at a side of the second surface 
opposite to the first surface of the head section. Therefore, a 
driving movable part of the actuator section can be formed ia an 
ejrtremely light mass. Also, the head element can be farmed on the 
head section by a convent icMial manufacturing process. Rirthermore, 
because the actuator section has a separated structure fron the head 
section, it is possible to easily fabricate an actuator section with 
a sufficiently large displacement. 

It is pr^erred that the ABS is farmed in the actuator 
section. 

It is also preferred that the actuator section is fixed to 
the seccffid surface of the head section. In this case, preferably, 
the actuator section includes a base member and an actuator layer 
laminated on the base mestber, and a surface of the actuator layer, 
viiich is OEposite to the base member, is fixed to the second siirface 
of the head section. Also, preferably, the ABS is farmed in the 
base member. 

It is preferred that the actuator section is fixed to both 
side surfaces of the head section. In this case, preferably, the 



actuator section includes a pair of movable arms capable of 
displacing its tqp end portions in resfponse to a drive signal 
^jplied to the actuator section, the side surfaces of the head 
section being fixed to the top end portions, and a static part 
formed between the pair of movable arms with spaces. It is further 
preferred that the ABS is formed in the static part. Since the 
displaoetnent is occurred at the head section only and no 
displacanent is occurred at the ABS formed on the static part of the 
actuator section, the attitude of the ABS will not change so as to 
always keep a stable flying dharacteristics of the slider. 

It is preferred that the actuator section further inclTades a 
base to be fixed to a svqpport means of the head slider, and that the 
pair of movable arms extend from the base along the air bearing 
surface. Also, it is preferred that each of the pair of movable 
arms includes an arm maiiber, and a piezoelectric element formed on 
or fixed to a surface of the arm mariber. 

According to the present invention, also, a manufacturing 
method of a head slider with a precise positiCMung actuator, 
includes a step of forming a plurality of head elements on a front 
surface of a head elanent substrate, a step of grinding a rear 
surface of the head elenent substrate with the plurality of head 
elements formed to have a thin head element substrate, a step of 
dicing the thin head element substrate into a plurality of 
individual first members, and a step of integrally fixing a second 
maiiber with at least one precise positioning actuator section to 



each of the first members so as to obtain a fixed member with the at 
least one precdse positioning actuator section located at a rear 
surface side of the first member. 

A rear siarface of the head elanent substrate with the 
plurality of head elements formed on a front surface Is ground to 
thin it, then the thinned substrate is diced into a plurality of 
first marbers, and a second meniber with at least one precise 
positioning actuator section is integrally fixed to the first matiber 
at a rear surface side of the first member. Ihus, a driving movable 
part of the actuator section can be formed in an extremely li^t 
mass, and the head elennmt can be formed on the head section by a 
conventional manufacturing process. Furthermore, because the 
actuator section member is separately formed and then fixed to the 
head section member, it is possible to easily fabricate an actuator 
section with a sufficiently large dlsplacanent. 

It is preferred that the dicing step includes cutting and 
separating the thin head el«nent substrate into individual head 
sections, and that the fixing step includes integrally fixing an 
actuator secti(»i to each of the head sections so as to obtain a head 
slider with the actuator section located at a rear surface side of 
the head section. 

In this case, it is also preferred that the fixing step 
includes fixing an actuator layer laminated on a base member of the 
actuator section to the rear surface of the head section to obtain a 
head slider. 



Alternately, it is preferred that the method further includes 
a step of preparing the actuator section that includes a pair of 
movable arms c^)able of displacing its top end portions ia response 
to a drive signal applied to the actuator section and a static part 
formed between the pair of movable arms with spaces, and that the 
f iKing step includes fixing side surfaces of the head section to the 
top end portions of the pair of movable arms. In this case, 
preferably, the preparing step includes preparing the actuator 
section including a base to be fixed to a support means of the head 
slider, the pair of movable arms ectending frcm the base. Vkxre 
preferably, each of the pair of movable arms includes an arm meniber 
and a piezoelectric element formed on or fixed to a surface of the 
arm maiflser. 

It is preferred that the dicing step includes dicing the thin 
head element substrate into a plurality of individual first bar 
members each having a plurality of head el«nents aligned, that the 
fixing step includes integrally fixing a second bar member with a 
plurality of actuatcar sections aligned to each of the first bar 
members so as to obtain a fixed bar mariber with the plurality of 
actuator sections located at a rear surface side of the first bar 
member, and that the method further includes a step of cutting and 
separating the fixed bar mariber into individual head sliders. 

In this case, it is preferred that the fixing step includes 
fixing an actuator layer laminated on a base meiriber of the second 
bar mariber to a rear surface of the first bar meiriber so as to obtain 



the fixed bar maiibei:. 

Alternately, it is pireferxed that the method further Includes 
a step of preparing the secxMid bar member each incliading a pair of 
movable arm regions capable of displacing its top end portions in 
response to a drive signal applied thereto and a static part region 
formed between the pair of movable arm regions with spaces, and that 
the fixing step includes fixing side surfaces of the first bar 
member to the top end portions of the pair of movable arm regions of 
the second bar member. In this case, preferably, the preparing step 
includes preparing the second bar member including a base region to 
be fixed to a su^jport means, the pair of movable aim regions 
extending from the base region. More preferably, each of the pair 
of movable arm regions includes an arm member region aid a 
piezoelectric element region formed on or fixed to a surface of the 
arm member region. 

According to the present invention, further, a manufacturing 
method of a head slider with a precise positicaiing actuator, 
includes a st^ of forming a plurality of head elements on a front 
surface of a head element substrate, a step of grinding a rear 
surface of the head element substrate with the plurality of head 
elements formed to have a thin head element sxiistrate, a step of 
Integrally fixing an actuator section substrate with a plurality of 
precise positioning actuator sections to a rear surface of the thin 
head element substrate so as to obtain a fixed substrate, and a step 
of cutting and separating the fixed substrate into indlvidxial head 



sliders. 

A rear surface of the head element substrate with the 
plurality of head elements formed on a front surface is ground to 
thin it, then an actuator section substrate with a plurality of 
actuator sections is integrally fixed to the thinned substrate, and 
then it is diced into individual head sliders. Thus, a driving 
movable part of the actuator section can be formed in an extremely 
light mass, and the head element can be formed on the head section 
by a conventional manufacturing process. Furthermore, becaiase the 
actuator section substrate is separately farmed and then fixed to 
the head element substrate, it is possible to easily fabricate an 
actuator section with a sufficiently large displacement. 

It is preferred that the fixing step includes fixing an 
actuator layer laminated on a base member of the actuator section 
substrate to a rear surface of the thin head element substrate so as 
to obtain the fixed substrate. 

The aforementioned manufacturing method, preferably, further 
includes a step of forming at least one ABS on the actuator section 
for a head slider. 

Accorxlmg to the present invention, still further, a 
manufacturing method of a head slider with a precise positioning 
actuator, includes a step of forming a plurality of head elements on 
a front surface of a head element substrate, a step of dicing the 
head elenent substrate with the plurality of head el«nents formed 
into a plurality of maribers, a step of grinding a rear surface of 
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each of the manbers to have a thin members, and a step of integrally 
fixing an actuator section member with a plurality of precise 
positioning actuator sections to the thin member so as to obtain a 
fixed member with the precise positioning actuator sections located 
at a rear surface side of the thin mariber. 

A head element substrate with the plurality of head elements 
formed on a front surface is diced into a plurality of members, then 
a rear surface of the member is ground to thin it, and an actuator 
section member with a plvirality of actuator sections is integrally 
fixed to the thinned member at a rear surface side of the thinned 
member. Thus, a driving movable part of the actuator section member 
can be formed in an extremely li^t mass, and the head elonent can 
be formed on the head section by a conventional manufacturing 
process. Furthermore, because the actuator section mesnriber is 
separately formed and then fixed to the head section member, it is 
possible to easily fabricate an actuator secticxi with a sufficiently 
large displacement. 

It is preferred that each of the head elements is a thin-film 
magnetic head element. 

Further objects and advantages of the present invention will 
be apparent from the following description of the preferred 
entoodiments of the invention as illustrated in the accompanying 
drawings. 

BRIEF DESCRIPTICW OF TEE DRAWINCS 



11 



Fig. 1 is an oblique view scihamatically illustrating a 
magnetic head slider with a precise positioning actuator in a 
preferred embodiment according to the present inv/enticai; 

Fig. 2 is a flow dhairt illustrating a part of a manufacturiiig 
process of the magnetic head slider in the embodiment of Fig. 1; 

Fig. 3 is a view illustrating a part of a manufacturing 
process of the magnetic head slider in the embodiment of Fig. 1 and 
its modifications; 

Fig. 4 is a flow chart illustrating a part of a manufacturing 
process of a magnetic head slider in a modif ixaticMi of the 
eraix)dim^t of Fig. 1; 

Fig. 5 is a flow chart illustrating a part of a manufacturing 
process of a magnetic head slider in another modification of the 
enftxsdiment of Fig. 1; 

Fig. 6 is an e^^loded oblique view schematically illustrating 
a magnetic head slider with a precise positioning actuator in 
another embodiment according to the present invention; 

Fig. 7 is a plane view illustrating the magnetic head slider 
of the CTibodiment of Fig. 6, seen from the ABS side; 

Fig. 8 is a flow chart illustrating a part of a manufacturing 
process of the magnetic head slider in the aribodiment of Fig. 6; 

Fig. 9 is a view illustrating a part of a manufacturing 
process of the magnetic head slider in the embodiment of Fig. 6 and 
its modifications; 

Fig. 10 is a view illustrating a part of a manufacturing 
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pixx»ss of an actuator section in the oonbodiment of Fig. 6 and its 
modifications; and 

Fig. 11 is a flow ciiart illustrating a part of a 
manufacturing process of a magnetic head slider in a modification of 
the embodiment of Fig. 6. 

DESailPTION OF THE PREFEI?RED EMBCDIMEHTS 

Fig. 1 scihanatically illustrates a magnetic head slider with 
a precise positioning actuator in a preferred embodiment according 
to the present invention. 

In the figure, reference maneral 10 denotes a magnetic head 
section constituted by a very thin substrate 10a with a thickness of 
about 50 \m for example and a thin-film layer lOd with a thickness 
of about 35-50 [xm formed on the substrate 10a, and 11 denotes an 
actuator section fixed by an adhesicai for example to a rear surface 
of the magnetic head section 10, vAiich is opposite to an element- 
formed surface or a front surface. The thin-fiJm layer lOd includes 
a thin-film magnetic head element 10b and its terminal electrodes 
10c. 

The actuator section 11 is constituted by a base member lib 
and a thin actuator layer 11a laminated on the base member lib. to 
surface of the actuator layer 11a, vdiich is opposite to a surface 
lanlnated on the base member lib is fixed to the rear surface of the 
magnetic head section 10. On a bottom surface of the actuator 
section 11, which is hidden in the figure or v4iic±i is perpendicular 



to the element-formed surface of the magnetic head section 10, an 
ABS is fooned. 

Hie substrate 10a of the magnetic head secticm 10, in the 
eiribodiment, is an Al203-TiC substrate that has been typically used 
for a magnetic head slider siibstrate. However, a thickness, namely 
a length in a top-and-reac direction, of the substrate 10a is 
determined to a very small value as about 50 \m for exarrpls. The 
thin-film magnetic head element 10b and the terminal electrodes 10c 
are fabricated by a thin-film manufacturing process similar to the 
conventional process. 

Hie actuator section 11 is fabricated using a semiconductor 
integrating process. Namely, on a relatively thick zirconia base 
member lib with the similar thickness as the conventional Al^C^-TiC 
substrate typically used for the magnetic head slider, an actuator 
layer 11a vd.th an electrostatic effect structure is formed by the 
soniconductor integrating process. As will be described later, 
since this actuator section 11 is individually fabricated from the 
magnetic head section 10, any type of actuator structxares sucii as a 
piezoelectric effect structure, a electrostrictive effect structure 
and electromagnetic inductive structure can be easily adopted other 
than the electrostatic effect structure. 

A size of the magnetic head slider with the magnetix: head 
section 10 and the actuator section 11 in this embodiment is 1.25 mm 
X l.Omnx 0.3nm for exarple ^^^h±ch is substantially the same as 
that of the conventional magnetic head slider, and also an outer 
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sh^ of this magnetic head slider is substantially the same as that 
of the conventional magnetic head slider. 

By flying a drive voltage to the actuator layer 11a via 
signal electrodes (not shown) , this actuator layer 11a linearly 
displaces to a lateral dijrection as siiown by an arrow 12. Thus, the 
magnetic head section 10 linearly displaces in the lateral direction 
in a similar manner to precise position the magnetic head element 
10b. 

Since the magnetic head section 10 that is a movable part Is 
thin and very li^t in mass, a sufficient displacement can be 
esspected even by a veiy small drive force. It is important that the 
displacenent is occurred at the magnetic head section 10 only and 
that no displacement is occurred at the ABS formed on the base 
member lib of the actuator section 11. Therefore, the attitude of 
the ABS will not change so as to always keep a stable flying 
ciiaracteristics of the slider. 

Because of the extremely li^t mass of the movable part, 
following various advantages can be obtained: 

(a) An actuator of a low-voltage drive type can be utilized to 
avoid to have a detrimental effect on an electromagnetic oonversixan 
characteristics of the magnetic head element; 

(b) An actuator can be formed with a stmcture and of a material 
that will present a small displacemHit force; 

(c) Hi^ flexibility in designing an actuator can be expected; 
and 
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(d) A vibration ciiaracteristics of a suspension will not be 
deteriorated because a mecihanical resonance occurs at a relatively 
hi^ frequency. 

Fig. 2 illustrates a flow of a part of a manufactiiring 
process of the magnetic head slider in the oribodlment of Fig. 1, and 
Fig. 3 illustrates a part of a manufacturing process of the magnetic 
head slider in the enribodiment of Fig. 1 and its various 
modifications. Here, the manufacturing process of the magnetic head 
slider in this aribodiinent will be described. 

First, an AlxOj-TiC wafer 30 with the same thickness as that 
of the conventional wafer is prepared (step SI). Then, by forming 
many thin-film magnetic head elonents and their electrode terminals 
on the AljOa-TiC wafer 30 using the conventional thin-film 
integration technique, an wafer 32 with a thin-film layer 31 on its 
surface is obtained (step S2). 

Then, a rear surface of this elanent-integrated wafer 32 is 
ground to obtain a very thin wafer 33 with a wafer section thickness 
not including a thickness of the integrated elonents, of about 
several tens \m (step S3). Current working machine can grind the 
wafer to such thin thickness but in future it may be possible to 
grind the wafer thinner. 

It is possible to integrate thin-film magnetic head elanents 
on an wafer preliminarily thinned. However, in this case, the wafer 
may be easily deformed during the integration process causing the 
fabrication process of the thin- film magnetic head elements to 
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become difficult. Thus, it is desired to grind the wafer after the 
Integration of the thin-film magnetic head elements thereon. 

Thereafter, the thinned wafer 33 is cut and separated into 
individual pieces of magnetic head sections 34 (step S4). 

On the other hand, a relatively thick zixconia (ZrOj) wafer 
35 with the same thickness as that of the conventional AiPj-TiC 
wafer is prepared (step S5). Then, by forming many electrostatic 
structure actuator elements on the wafer 35 using a seniconductor 
integration technique, an wafer 37 with the actuator layer 36 on its 
surface is obtained (step S6). 

Then, the wafer 37 is cut and separated into individual 
pieces of actroator sections 38 (step S7). ABSs are formed on bottom 
surfaces of the actuator sections during this cut and separation 
process. Mca:e concretely, after the wafer 37 is diced into a 
plurality of bar members each having a plurality of actuator 
sections aligned, the ABSs are formed on the bottom surfaces of the 
respective actuator sections and then each bar maiiber is cut and 
separated into individual pieces of the actuator sections 38. 

Tliereafter, a surface of the actuator layer 36 of each 
actuator section piece 38 is adhered or bonded to a rear sxirfaoe of 
each magnetic head section piece 34 by a resin adhesive or by a 
glass bonding and thus an individual magnetic head slider 39 is 
obtained (step SB). 

Fig. 4 illustrates a flow of a part of a manufacturing 
process of a magnetic head slider in a modification of the 
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embodiment of Fig. 2. Here, the manufacturing process of the 
magnetic head slider in this modification will be described with 
reference to Figs. 3 and 4. 

Fixst, an ALp^-HC wafer 30 with the same thickness as that 
of the conventional wafer is prepared (step Sll) . Uien, by forming 
many thin-film magnetic head elonents and their electrode terminals 
on the AlA-TiC wafer 30 using the conventional thin-film 
integration technique, an wafer 32 with a thin-film layer 31 on its 
surface is obtained (step S12). 

Then, a rear sucfaoe of this elonent-integrated wafer 32 is 
ground to obtain a very thin wafer 33 with a wafer section thixdaiess 
not Including a thickness of the integrated elonents, of about 
several tens im (step S13). Current working machine can grind the 
wafer to such thin thickness but in future it may be possible to 
grind the wafer thinner. 

It is possible to integrate thin-film magnetic head elanents 
on an wafer preliminarily thinned. However, in this case, the wafer 
may be easily deformed during the integration process causing the 
fabrication process of the thin-film magnetic head elements to 
becxme difficult. Thus, it is desired to grind the wafer after the 
integration of the thin-film magnetic head elements therecai. 

Thereafter, the thinned wafer 33 is diced into a plurality of 
bar members 40 each having a plurality of magnetic head sections 
aligned (step S14). 

Oci the other hand, a relatively thick zirconia (ZrO^) wafer 
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35 with the same thickness as that of the cx>nventional AiPs-TiC 
wafer is prepared (step S15) . Then, by forming many electrostatic 
stmcture actuator elements on the wafer 35 iislng a semiccaiductor 
integration technique, an wafer 37 with the actuator layer 36 on its 
surface is obtained (step S16). 

Then, the wafer 37 is diced into a plurality of bar members 
41 each having a plurality of actuator sections aligned (step S17). 
ABSs are formed on bottom surfaces of the actuator sections of the 
bar manber 41. 

Thereafter, a surface of the actuator layer 36 of each bar 
member 41 for the actuator sections is adhered or bonded to a rear 
surface of each bar member 40 for the magnetic head sections by a 
resin adhesive or by a glass bonding to obtain a bar member 42 with 
a plurality of magnetic head sliders aligned (step S18). Then, each 
bar manber 42 is cut and separated into individual pieces of the 
magnetic head sliders 39 (step S19). 

Fig. 5 illustrates a flow of a part of a manufacturing 
process of a magnetic head slider in another modlf Icaticxi of the 
embodiment of Fig. 2. Here, the manufacturing process of the 
magnetic head slider in this modification will be described with 
reference to Figs. 3 and 5. 

First, an AiPa-TiC wafer 30 with the same thickness as that 
of the conventional wafer is prepared (step S21). Then, by forming 
many thin-film magnetic head elanents and their electrode terminals 
an the Al^Og-TiC wafer 30 using the conventional thin-film 
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integration tedinigue, an wafer 32 vd-th a thin- film layer 31 on its 
surface is obtained (step S22). 

Hiea, a rear surface of this element-integrated wafer 32 is 
ground to obtain a very thin wafer 33 with a wafer section thickness 
not including a thickness of the integrated elements, of about 
several tens |xm (step S23). Current working machine can grind the 
wafer to such thin thickness but in future it may be possible to 
grind the wafer thinner. 

It is possible to Integrate thin-f iOm magnetic head elanents 
on an wafer preliminarily thinned. However, in this case, the wafer 
may be easily deformed during the integration process causing the 
fabrication process of the thin-film magnetic head elanents to 
becotne difficult. Thus, it is desired to grind the wafer after the 
integration of the thin-fUm magnetic head elenents thereon. 

On the other hand, a relatively thick zixocxiia (Zrpj) wafer 
35 with the same thickness as that of the conventional AiPj-TiC 
wafer is prepared (step S24). Then, by forming many electrostatic 
structure actuator elements on the wafer 35 using a semiconductor 
integration technique, an wafer 37 with the actuator layer 36 on its 
surface is obtained (step S25). 

Hien, a surface of the actuator layer 36 of the wafer 35 for 
the actuator sections is adhered or bonded to a rear surface of the 
wafer 33 for the magnetic head sections by a resin adhesive or by a 
glass bonding to obtain an wafer 43 (step S26) . 

Thereafter, the wafer 43 is cut and separated into individual 
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pieces of magnetic head sliders 39 (step S27). ABSs are formed on 
bottom surfaces of the actuator sections during this cut and 
separation pn>3ess. More concretely, after the wafer 43 is diced 
into a plurality of bar maribers each having a plurality of magnetic 
head sliders aligned, the ABSs are formed on the bottom surfaces of 
the respective actuator sections and then each bar member is cut and 
separated Into individual pieces of the magnetic head sliders 39. 

In the aforaiientioned embodiment and modifications, the i\BSs 
are formed on the bottom surface of each bar member. However, the 
ABS may be formed on the bottom surface of each piece of the 
separated actuator section or the separated magnetic head slider. 

Also, in the aforementioned oribodiment and modifications, the 
magnetic head sections are thinned by grinding the rear surface of 
the element-integrated wafer. However, it is possible to thin the 
magnetic head section by grinding a rear surface of each bar member 
with a plurality of magnetic head sections aligned or a rear surface 
of a separated piece of the magnetic head section. 

Fig. 6 schematically Illustrates a magnetic head slider with 
a pocecise positioning actuator in another eiribodlment according to 
the present invention, and Fig. 7 illustrates the magnetic head 
slider of the atibodiment of Fig. 6, seen from the ABS side. 

In these figures, reference numeral 60 denotes a magnetic 
head section constituted by a very thin substrate 60a with a 
thickness of about 50 jxm for exaitple and a thin- film layer 60d with 
a thickness of about 35-50 \mi formed on the substrate 60a, and 61 
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denotes an actuator section fixed by an adhesion for example to both 
side ends of the magnetic head section 60. The actuator section 61 
is located at a rear surface side of the magnetic head section 60, 
vAiidh is opposite to an element -formed surface or a front surface. 
The thin-film layer 60d includes a thin-film magnetic head element 
60b and its terminal electrodes. 

The actuator section 61 is constituted by a base 61a, a pair 
of movable arms 61b and 61c substantially perpendicularly extending 
frontward from both side ends of the base 61a, and a static part 61d 
formed between the movable arms 61b and 61c with spaces from these 
movable arms and substantially perpendicularly extending frontward 
from the base 61a. The magnetic head section 60 is fixed to the 
actuator section 61 by for example adhering side surfaces of the 
magnetic head section 60 to top ends of the motvable arms 61b and 61c, 
respectively. 

On a surface of the static part 61d, wAiidh is shown in the 
figure or vdiidh Is perpendicular to the elemait -formed surface of 
the magnetic head secticm 60, ABSs 61e are formed. 

The substrate 60a of the magnetic head section 60, in the 
aribodiment, is an Al^Oj-TiC siibstrate that has been typically used 
for a magnetic head slider substrate. However, a thickness, namely 
a length in a tqp-and-rear direction, of the substrate 60a is 
determined to a very small value. The thin-film magnetic head 
elonent 60b and its terminal electrodes are fabricated by a thin- 
film manufacturing process similar to the conventional process. 
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Hie actuator section 61 is mainly formed in this esrfxjdiment 
by a zicoonia base member with a E-shapeA section. Tlie movable arms 
61b and 61c of this actuator section 61 are fabricated by forming 
actuator layers 61f and 61g with a piezoelectric structure on side 
surfaces of arm members respectively using a semiconductor 
integrating process, a thick-film laminating process or a printing 
pirocess. As will be described later, since this actuator section 61 
is individually fabricated from the magnetic head section 60, any 
type of actuator structures such as a piezoelectric effect structure, 
a electrostrictive effect structure and electromagnetic inductive 
structure can be easily adopted other than the electrostatic effect 
structure. 

A size of the magnetic head slider with the magnetic head 
section 60 and the actuator section 61 in this embodiment is 1.25 nrn 
X 1.0 mm X 0.3 inn for example \idiicih Is substantially the same as 
that of the conventional magnetic head slider. 

By ^)plying a drive voltage to the actuator layers 61f and 
61g via signal electrodes (not shown) , the movable arms 61b and 61c 
linearly displace to a lateral direction as sham by an arrow 62. 
Thus, the magnetic head section 60 linearly displaces in the lateral 
direction in a similar manner to precise position the magnetic head 
element 60b. 

Since the magnetic head section 60 that is a movable part is 
thin and very li^t in mass, a sufficient displacanent can be 
e^qpected even by a very small drive force. It is important that the 
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displacement is ocx^urred at the magnetic head section 60 only and 
that no displaoanent is occurred at the ABSs 61e formed on the 
static part 61d of the actuator section 61. Hierefore, the attitude 
of the ABSs 61e will not change so as to always keep a stable flying 
characteristics of the slider. 

Because of the ejctramely li^t mass of the movable part, 
following various advantages can be obtained: 

(a) An actuator of a low-voltage drive type can be utilized to 
avoid to have a detrimental effect on an electromagnetic conversion 
characteristics of the magnetic head element; 

(b) An actuator can be formed with a stnacture and of a material 
that will present a small displaconient force; 

(c) Hi^ flexibility in designing an actuator can be expecte6.j 
and 

(d) A vibration characteristics of a suspaision will not be 
deteriorated because a mechanical resonance occurs at a relatively 
hic^ frequency. 

Fig. 8 illustrates a flow of a part of a manufacturing 
process of the magnetic head slider in the embodiment of Fig. 6, Fig. 
9 illustrates a part of a manufacturing process of liie magnetic head 
slider in the eribodiment of Fig. 6 and its modifications, and Fig. 9 
illustrates a part of a manufacturing process of the actuator 
section in the embodiment of Fig. 6 and its modifications. Here, 
the manufacturing process of the magnetic head slider in this 
aribodiment will be described. 
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First, an AlA-TiC wafer 90 with the same thickness as that 
of the oonventianal wafer is prepared (step S31) . Hien, by fourdng 
many thin- film magnetic head elements and their electrode terminals 
on the Al203-TiC wafer 90 losing the conventional thin-film 
integration technique, an wafer 92 with a thin- film layer 91 on its 
surface is obtained (step S32). 

Then, a rear surface of this element-integrated wafer 92 is 
ground to obtain a very thin wafer 93 with a wafer section thicJoiess 
not including a thickness of the integrated elem^ts, of about 
several tens |.un (stqp S33). Current working machine can grind the 
wafer to such thin thickness but in future it may be possible to 
grind the wafer thinner. 

It is possible to integrate thin-film magnetic head elanents 
on an wafer preliminarily thinned. Howeiver, in this case, the wafer 
may be easily deformed during the integration process causing tihe 
fabrication process of the thin- film magnetic head elonents to 
beoonie difficult. Thxis, it is desired to grind the wafer after the 
integration of tlie thin-film magnetic head elements thereon. 

Thereafter, the thinned wafer 93 is diced into bar members 94 
each having a plurality of magnetic head sections aligned (step S34). 
Then, each bar member 94 is cut and separated into individual pieces 
of magnetic head sections 95 (step S35). 

On the other hand, a relatively thick ziroonia (ZrOj) wafer 
96 witli the same thickness as that of the conventional Al203-TiC 
wafer is prepared (step S36) . Then, this wafer 96 is diced into a 
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plurality of bar members 97 (step S37). 

Then, an outside sihape of each bar maiiber 97 is worked to 
form a shaped bar meniber 98 vAiich has an E-sh^)ed section and 
includes a base, a pair of movable arms substantially 
perpendicularly extending frontward from both side ends of the base, 
and a static part formed between the movable arms with spaces from 
these movable arms and substantially perpendicularly extending 
frontward from the base (step S38) . Then, actuator layers 99 with a 
piezoelectric structure are formed on side surfaces of arm maiibers 
of the stxaped bar member 98 to obtain a bar member 100 for actuator 
sections (step S39). Thereafter, this bar member 100 is cut and 
separated into individual pieces of actuator sections 101 (step S40). 

Thereafter, side surfaces of each magnetic head section piece 
95 is adhered or banded to top end portions of each actuator section 
piece 101 by a resin adhesive or a glass banding to be cau^t 
therein and thus an individual magnetic head slider 102 is obtained 
(step S41). Then, by forming ABSs on bottom surfaces of the static 
part of the magnetic head slider 102, a final magnetic head slider 
103 is obtained (step S42). 

Fig. 11 illustrates a flow of a part of a manufacturing 
process of a magnetic head slider in a modiEication of the 
embodiment of Fig. 6. Here, the manufacturing pix>cess of the 
magnetic head slider in this modlf icaticai will be described with 
reference to Figs. 9-11. 

First, an Al^Og-TiC wafer 90 with the same thickness as that 
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of the conventional wafer is prepared (step S51). nien, by forndng 
maiy ttdn-fUm magnetic head elements and their electrode terminals 
on the AiPj-TiC wafer 90 using the conventional thin-fiJm 
integration technique, an wafer 92 with a thin- film layer 91 on its 
surface is obtained (step S52). 

Hien, a rear surface of this elennent-integrated wafer 92 is 
ground to obtain a very thin wafer 93 with a wafer section thickness 
not including a thickness of the integrated elanents, of about 
several tens [m (step S53). CXirrent working machine can grind the 
wafer to sudi thin thickness but In future it may be possible to 
grind the wafer thinner. 

It is possible to integrate thin-film magnetic head elements 
on an wafer preliminarily thinned. However, in this case, the wafer 
may be easily defonned during the integration process causing the 
fabrication process of the thln-f Urn magnetic head elements to 
beccxne difficult. Thus, it is desired to grind the wafer after the 
integration of the thin-film magnetic head elements thereon. 

Thereafter, the thinned wafer 93 is diced Into bar mentiers 94 
eadh having a plurality of magnetic head sections aligned (step S54) . 

On the other hand, a relatively thick zirconla (ZrOj) wafer 
96 with the same thickness as that of the conventional AlgO^-TiC 
wafer is prepared (step S55) . Then, this wafer 96 is diced into a 
plurality of bar maribers 97 (step S56). 

Then, an outside shape of each bar maiiber 97 is worked to 
form a shaped bar meniber 98 vdxLcii has an E-shaped section and 
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Includes a base, a paix of movable aims substantially 
perpendicularly extending frcaitward frcm both side ends of the base, 
and a static part f oimed between the movable arms with spaces from 
these movable arms and. substantially perpendicularly extending 
frontward frxxn the base (step S57) . Then, actuator layers 99 with a 
piezoelectric structure are formed on side surfaces of arm members 
of the Eii^ped bar matiiber 98 to obtain a bar menflaer 100 for actuator 
sections (step S58). 

Ihen, side surfaces of each bar member 94 is adhered or 
bonded to top end portions of each bar mariber 100 for actuator 
sections by a resin adhesive or a glass banding to be cau^t therein 
and thus a bar mentoer 104 for magnetic head sliders is obtained 
(step S59). 

Thereafter, this bar mariber 104 is cut and separated into 
Individual pieces of magnetic head sliders 102 (step S60) . "Hien, by 
forming ABSs on bottom surfaces of the static part of the magnetic 
head slider 102, a final magnetic head slider 103 is obtained (st^ 
S61). 

In the aforementioned eiribodiments and modifications, a 
plurality of bar maribers 97 for actuator sections are formed by 
dicing a ziroonla wafer 96. However, a bar mariber 105 for actuator 
sections may be directly formed by molding a ziroonia material in a 
bar member sh^ and by sintering the molded ziroonia bar meiriber. 
Also, a shaped bar mariber 106 for actuator sections may be directly 
formed by molding a zirconia material in a bar mariber with an E- 
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sh^ied section and by sintering the molded zirconia bar member. 

Furthermore, althou^ in the aforementioned embodiments and 
modifications, a rear surface of an elemait-integrated wafer is 
ground to obtain a thin magnetic head section, it is possible to 
obtain a thin magnetic head section by grinding a rear surface of a 
bar maiiber for magnetic head sections or a rear surface of each 
individual magnetic head section. 

The present invention has been described with reference to 
magnetic head sliders with thin-fiOm magnetic head elements. 
Ifoiwever, it is ^parent that the present invention can be ^3plied to 
a head slider for a head element sucii as an optical head elanent 
other than the thin-film magnetic head elonent. 

Many widely different enibodiments of the present invention 
may be ccxistructed without departing f rcxn the spirit and scope of 
the present invention. It sihould be understood that the present 
invention is not limited to the specific aiibodiments described in 
the EfpeciEication, except as defined in the appended claims. 
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